Tryptic-peptide profiles and amino acid sequencing of purified pea (Pisum sativum L.) vicilin subunits were used to show that their sequences were interrelated. Comparison with the nucleotide sequence of a cloned vicilin complementary DNA (mRNA) showed that all vicilin subunits could be derived from 50000-Mr precursors containing up to two sites for post-translational proteolytic cleavage, and allowed these subunits to be located relative to the precursor.
Tryptic-peptide profiles and amino acid sequencing of purified pea (Pisum sativum L.) vicilin subunits were used to show that their sequences were interrelated. Comparison with the nucleotide sequence of a cloned vicilin complementary DNA (mRNA) showed that all vicilin subunits could be derived from 50000-Mr precursors containing up to two sites for post-translational proteolytic cleavage, and allowed these subunits to be located relative to the precursor.
The storage protein vicilin is an abundant component of pea (Pisum sativum L.) seeds, its major subunits of Mr 50000, 33000, 19000. 16000, 13500 and 12500 being prominent components of the band pattern on SDS/polyacrylamide-gel electrophoresis of pea seed extracts. A structural model for vicilin, envisaging the molecule as a multimer, probably a trimer, of 50000-Mr subunits has been put forward (Gatehouse et al., 1981) , and it suggests that molecules are assembled from a range of different 50000-M, subunits of slightly differing properties, some of which may contain 'nicks' in the polypeptide chains accounting for the polypeptides of Mr <50000 observed in purified vicilin. In support of this model, only precursor subunits of apparent Mr 50000 (50000 and 47000) have been shown to be produced in vivo and by cell-free synthesis in vitro programmed with pea seed RNA (Croy et al., 1980b) . Also, some evidence has been presented that the subunits of <50000Mr in vicilin are produced by post-translational cleavage of the 50000Mr precursor subunits (Gatehouse et al., 1981; Chrispeels et al., 1982; Spencer et al., 1980) , possibly in a manner analogous to the well-established post-translational proteolytic cleavage of the legumin 60000-Mr precursor (Croy et al., 1980a) . Further evidence is presented here for the processing of vicilin polypeptides through comparisons of protein sequence and sequences predicted by cDNA species encoding vicilin precursor polypeptides, and a model showing the derivation of the polypeptides of <50000 Mr from the 50000Mr precursors is put forward. 
Experimental
The isolation and characterization of the vicilin cDNA clone pRC 2.2.1, containing an insert of approx. 1000 base-pairs in pBR322, was described previously (Croy et al., 1982) . cDNA was sequenced by the methods of Maxam & Gilbert (1980) and Seif et al. (1980) . Vicilin was purified from mature seeds of Pisum sativum var. Feltham First as described by Gatehouse et al. (1981) and separated into its component subunits by means of ionexchange chromatography on DEAE-cellulose (Whatman) at pH8.5 in 50mM-Tris/HCl/8M-urea, with a gradient of NaCl (0-0.4 M) for elution, followed by gel-filtration chromatography on Sephacryl S-200 (Pharmacia) in 70% (v/v) formic acid, as outlined by Hirano et al. (1982) . The homogeneity of subunit fractions was verified by SDS/ polyacrylamide-gel electrophoresis (Laemmli, 1970) .
Purified vicilin subunits were digested with trypsin treated with 1-chloro-4-phenyl-3-L-tosylamidobutan-2-one ('TPCK') (Millipore) at an enzyme/ protein ratio of 1: 50 (w/w), at room temperature for 16h in 0.1 M-NH4HCO3, pH8.2. The mixture was then freeze-dried and the peptides were separated by h.p.l.c. on a reverse-phase column [Varian Micropak MCH-10 (C 18, 10p)1. Samples were dissolved in 0.1 % trifluoroacetic acid (Mahoney & Hermodson, 1980) Results and discussion Polypeptides homogeneous by SDS/polyacrylamide-gel electrophoresis were obtained corresponding to all the vicilin subunits except the minor components of Mr 35000 and 30000, which were only partially purified. H.p.l.c. analysis of tryptic peptides from the purified subunits (results not shown) suggested that the amino acid sequences of the various vicilin subunits were interrelated. Subunits of Mr 19000 and 13 500 had tryptic peptides in common with those of the 33000-Mr subunit, but had dissimilar peptide profiles themselves. Tryptic peptides of the 16 000-and 12 500-M, subunits were very similar, but different from those of the 33 000-, 19000-and 13500-Mr subunit. In agreement with the suggestion that vicilin subunits of Mr<50000 were derived from precursors of Mr-50000 (Gatehouse et al., 1981) , all these subunits had tryptic peptides in common with those of the 500000-Mr subunits. Subunits of essentially the same Mr but differing charge, as separated by the ion-exchangechromatography step, had very similar tryptic peptide profiles. The minor subunits of Mr 35000 were tentatively shown to be similar to the 33 000-Mr subunits, but those of 30000Mr wsre only partially similar, apparently having in addition peptides in common with the 16 000-and 13 500-Mr subunits.
Amino acid-sequence data from purified tryptic peptides was used to confirm the relationships between the major vicilin subunits. The close similarity of the 16000-and 12 500-Mr subunits was shown by the six identical sequences of five to seven amino acids from corresponding tryptic peptides, listed in Table 1 . The 16 000-Mr subunit is known to be glycosylated (Badenoch-Jones et al., 1981) , and this may be the only significant difference between the two subunits. Corresponding peptides from the 33000-and 19000-Mr, and 33000-and 13500-Mr subunits also contained identical amino acid sequences (Table 1) , but no peptides from any of the 19 000-, 16 000-or 13 500-Mr subunits had sequence similarity. Finally, peptides from the 50000-Mr subunits were shown to be very similar in sequence to peptides from the 33000-M, 19000-Mr and 16 000-Mr subunits (Table 1) . These sequences allowed the model for the derivation of vicilin subunits shown in Fig. 1 The ordering of the subunits relative to a 50000-Mr precursor (shown in Fig. 1 ) was deduced Table 1 . Amino acid sequences of identical tryptic peptides isolatedfrom digests of different purified vicilin subunits Where alternative residues are given in parentheses, both residues were found in different peptides. In (e) the peptides given are closely similar rather than identical.
(a) 16 000-Mr and 12 500-Mr subunits (also predicted by cDNA sequence)
(b) 33 000-Mr and 19 000-M, subunits 33 000-Mr and 13 500-Mr subunits (also predicted by cDNA sequence) (Croy et al., 1982) . As shown in Fig. 1 , the 5'-end of this cDNA contained sequences coding for peptides found in the 33000-Mr subunit. Extending this sequence towards the N-terminal of the 33000-Mr subunit gave overlap with 19000-Mr subunit peptides, whereas extending the sequence towards the C-terminal of the 33 000-M subunits, contiguous with the middle sequence of the cDNA, gave overlap with the 13 500-Mr sequence (Hirano et al., 1982) . Sequences towards the 3'-end of the cDNA corresponded to those of tryptic peptides from the 16 000 Mr-subunit (Fig. 1) . The order of the subunits is thus as shown Fig. 1: H2N-a-f-y-CO2H . Although the overall agreement between the amino acid sequence predicted from the vicilin cDNA and the sequenced vicilin peptides is good, discrepancies in sequence (mostly conservative amino acid substitutions) occur, as shown in regions a and b in Fig. 1 . Since at least 20 vicilin subunits may be observed on two-dimensional gel analysis (result not shown), such sequence micro-heterogeneity is expected. Complete amino acid-sequence data for the 13 500-Mr (fl) subunit has already been published (Hirano et al., 1982) ; the complete sequences for the other subunits have yet to be published.
